INTRODUCTION
A primary goal of the U.S. Department of Energy's Advanced Technology Development (ATD) Program is the development of high-power Li-ion batteries for hybrid electric vehicle applications [1] . Diagnostic evaluations of Li-ion cells that were aged and/or cycled under various conditions were carried out to determine the mechanisms responsible for the cell power loss that accompanies life tests at elevated temperatures [2] . Impedance measurements of the cell components indicated that the LiNi 0.8 Co 0.15 Al 0.05 O 2 cathode is primarily responsible for the observed cell power loss at elevated temperatures, similar to the LiNi 0.8 Co 0.2 O 2 cathode that was studied in our previous work [3] . Possible causes of the increase in cathode impedance include the formation of an electronic and/or ionic barrier at the cathode surface [1, 4] . However, the observation that, in these cells, power fade is always accompanied by the loss of discharge capacity is a somewhat general conclusion for several types of cathodes.
The mechanism of power and capacity loss in the ATD high-power Li-ion cells may involve specific detrimental processes, which also occur in other Li-ion systems.
The in-situ application of local probe techniques to characterize physico-chemical properties of the electrode-electrolyte interface, which is documented in a large number of published studies, not only provides unique insight into the mechanisms of electrochemical processes but also has stimulated the recent emergence of electrochemical nanotechnology.
Rey at al. [5] first demonstrated the successful application of confocal Raman micro-spectroscopy for in-situ characterization of a lithium battery that consisted of a Li metal anode, P(EO) 20 LiN(SO 2 CF 3 ) 2 polymer electrolyte, and a V 2 O 5 cathode. An innovative application of Raman micro-spectroscopy was presented in studies by Panitz and Novák [6, 7, 8, 9] , who used Raman surface mapping to generate local surface composition images of 30x35 µm areas (at 2 µm lateral resolution) of LiCoO 2 positive and carbon negative electrodes from commercial lithium-ion batteries. The extraordinary potential of in-situ Raman micro-spectroscopy to study dynamic aspects of Li + intercalation-deintercalation process was illustrated by the work of Luo et al. [10, 11] , who collected good-quality, time-resolved Raman spectra from a single isolated micrometer-size particle of LiMn 2 O 4 embedded in Au foil substrate and single graphite particles embedded in thermally annealed Ni foils in nonaqueous electrolytes as a function of applied potential. Kostecki and McLarnon [12] investigated the microstructural stability of graphite anodes in Li-ion cells by Raman micro-spectroscopy imaging of the integrated intensity ratio of the D/G bands of carbon on 40 x 60 µm electrode surface areas, as well as the electrode cross-section, at 0.7 µm resolution.
X-ray diffraction spectroscopy measurements failed to detect noticeable changes in the bulk structure of tested ATD Program LiNi 0.8 Co 0.15 Al 0.05 O 2 cathodes [1]. In the present study, we investigate detailed cathode surface processes, which accompanied cell storage and/or cycling. We demonstrate that of current-sensing AFM and Raman microscopy can provide unique information on complex surface phenomena, which are likely responsible for the composite cathode capacity fade and impedance increase. In order to determine if carbon redistribution or retreat also affects the bulk of the cathode, we carried out Raman micro-analysis of the cross-sections of LiNi 0.8 Co 0.015 Al 0.05 O 2 cathode samples ( Fig. 3) . Samples of composite cathodes were prepared by folding the cathode until it cleaved and thereby exposed its cross-section. 
